Four benzodiazepines flunitrazepam, nitrazepam, clonazepam, and alprazolam, have been analyzed from biological matrices by dual column gas chromatography using a nitrogen-phosphorus detector (NPD) and a micro-electron capture detector (m-ECD). The recoveries of the four benzodiazepines spiked into human whole blood and plasma were 88.8 -97.9 and 90.7 -97.5%, respectively. The regression equations for the four benzodiazepines showed excellent linearity. The detection limits (LODs) were 0.14 -0.95 ng/mL for whole blood and 0.13 -0.93 ng/mL for plasma. The method is simple and sensitive for the determination of benzodiazepines in human whole blood and plasma, and may be useful in forensic science practice.
INTRODUCTION
Clinical toxicological analysis is usually a single case analysis which must be available on a 24-hour basis. The method should be as rapid and precise as necessary for clinical diagnosis and therapy. Ideally, one single procedure should allow the detection of all relevant potential toxicants. Forensic toxicological analysis should also provide high reliability and accuracy in order to be defensible in court. The first step in toxicological analysis is the identification of the usually unknown drugs and poisons in body fluids. A Systematic Toxicological Analysis (STA) procedure is necessary that allows the simultaneous detection of as many toxicants as possible in biosamples. 1 It is impressive how and how much STA, i.e., the screening for drugs and poisons, has advanced.
The diffusion of drug use, abuse, and misuse has brought about an increasing awareness that drugs are not only harmful to life, but may also affect different aspects of human behaviour (e.g., performance at work, in driving, in sports). 2 As a consequence, new spectrofields of application of STA have come up (e.g., workplace drug testing, drugs and driving, antidoping control). [3] [4] [5] The fact that therapeutic rather than toxic concentrations have to be searched for in such cases has put pressure on technological progress towards increasing the sensitivity of analytical techniques.
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Benzodiazepines are a large group of substances with a wide range of potency and physicochemical properties 6 that are frequently prescribed for anxiety, sleep disorders, or convulsive attacks. Several analytical methods for the detection of multiple benzodiazepine drugs in human blood and urine samples have been reported using GC/MS, 7-10 LC/MS, 11, 12 and LC/MS/ MS. [13] [14] [15] [16] [17] [18] Some of these drugs and their metabolites possess polar groups in their molecules that require derivatization prior to GC/MS analysis.
7-9 LC/ MS(/MS) seems to be suitable for rapid simultaneous determination of these drugs compared to GC/MS, since the extracted sample can be applied without derivatization, and electrospray ionization (ESI) has the ability to ionize most basic drugs.
11,13-18 However, long analytical time is often required in order to obtain sufficient chromatographic resolution of several tens of drugs using traditional LC/MS.
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We have developed a rapid and STA procedure in human whole blood and plasma for four low therapeutic dose benzodiazepines: flunitrazepam, nitrazepam, clonazepam, and alprazolam (Figure 1 ), by dual column gas chromatography using a nitrogen-phosphorus detector and a micro-electron capture detector. The combination of these two frequently used detectors within the same analytical instrument yields a new and powerful tool. 
MATERIALS AND METHODS

Chemicals and reagents
Flunitrazepam, nitrazepam, clonazepam, alprazolam, and prazepam were purchased from Cerilliant (TX, USA). Ethyl acetate (HPLC grade) was purchased from Fisher. Acetic acid, hydrochloric acid, methanol, and potassium dihydrogen phosphate (analytical reagent grade) were purchased from Merck. Ammonia and dichloromethane (GC grade) were purchased from Riedel-de Haën.
Standard solutions
Standard stock solutions of flunitrazepam, nitrazepam, clonazepam, alprazolam and prazepam (internal standard, I.S.) were prepared by dissolving each compound in methanol to get a concentration of 1 mg/mL; the solutions were stored at 4 °C and remained stable for at least 24 months.
Biological samples
Samples of outdated whole blood and plasma were obtained from the blood bank of "Dr. Ernesto Torres Galdames" Hospital and stored at -30 °C until analysis.
Sample preparation
Human whole blood or plasma were shaken for 1 min and then homogenized thoroughly. To the homogenate were added 25 mL of a 4 ng/mL solution of Prazepam (I.S.) and 2 mL of 100 mM of pH 6.0 phosphate buffer. The sample solutions were vortexed for 1 min and sonicated at room temperature for 30 min. After centrifugation at 4,000 rpm for 15 min, the samples were introduced in the extraction column.
Solid-phase extraction (SPE)
The solid-phase extraction was performed using a Bond Elut Certify column. The solid-phase extraction cartridges were preconditioned with 3 mL of methanol, 3 mL of water, and 100 mM pH 6.0 phosphate buffer, all under vacuum (no more than 3 mm Hg). The prepared samples were then applied and allowed to pass through the column at a rate of 1 to 2 mL/min. The sorbent was washed with 3 mL of water, 1 mL of 100 mM HCl (or 1 mL of 1.0 M acetic acid) and 3 mL of methanol. The vacuum was maintained at 15 mm Hg for 10 min to dry the column completely. Finally, the benzodiazepines were eluted with 3 mL of dichloromethane-isopropanol-ammonia (78:20:2 v/v/v) into amber collection tubes. The eluate was evaporated under a gentle stream of nitrogen and the residue was redissolved in 100 mL of ethyl acetate.
GC-NPD/micro-ECD
Chromatographic analysis was carried out on an Agilent Series 6890N system (Agilent, USA) equipped with an Automatic Sampler 7683 series linked with injector programmed temperature volatilization (PTV) and two DB-5MS capillary columns (50 m x 0.2 mm, 0.33 µm film thickness). The injection volume was 5 mL in solvent vent mode. A nitrogen-phosphorus detector and a micro-electron capture detector, together with a Chemstation software suite (Agilent, USA) version A.09 were used for data processing and instrument control. The temperature of the PTV injector in solvent vent mode was set at 100 °C and the flow rate was kept at 2 mL/min using helium as the carrier gas. The oven temperature was programmed as follows: the initial temperature was set at 50 °C, held for 4 min, and ramped at 7 ºC/min to 200 °C, where it was held for 4 min and again ramped at 7 °C/min to 300 °C and held for 5 min. The transfer line temperature was set at 300 °C.
The inlet and GC-NPD and GC-m-ECD interface temperatures were kept at 335 °C and 345 °C, respectively.
RESULTS AND DISCUSSION
Solid phase extraction has some merits for sample preparation compared with liquid-liquid extraction: (1) very simple extraction procedure; (2) small solvent volume; (3) high throughput performance and feasibility of treating of many samples at one time; (4) minimization of differences among individuals. We have confirmed the usefulness of the Bond Elut Certify column for extraction of abused drugs from biological fluids.
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The presented system with double column and dual detector makes use of the advantages of micro-electron capture and selective nitrogen-phosphorus detection, while the importance of several disadvantages and problems of single detector systems is reduced. 5 The cost of upgrading an m-ECD and NPD is low compared to the initial cost of purchasing the MS. 5 The use of two equal columns and two specific detectors has led to greater selectivity because it uses two different physicochemical foundations that provide a similar retention time for the same drug. 21 Another advantage is that one gets higher sensitivity (LOD) than other published studies using specific and sensitive detectors such as mass spectrometry. 25, [27] [28] [29] [30] 32 The combination of gas chromatography detectors presented here offers several possibilities for the routine analysis of benzodiazepines because they are compounds containing nitrogen atoms that can be located with the NPD and m-ECD for the presence the electronegative groups. Tables 1 and 2 show linearity, signal to noise ratio (S/N), relative standard deviation (RSD), limit of detection (LOD), limit of quantitation (LOQ), and solid-phase extraction efficiency in whole blood and human plasma with dual detection, m-ECD, and NPD of each drug. The tested range of four low therapeutic dose benzodiazepines, flunitrazepam, nitrazepam, clonazepam, and alprazolam, in human whole blood and plasma was 0.5 -100 ng mL -1 , which sufficiently covers therapeutic concentrations (Tables 1 and 2 ).
The calibration curve was linear in the concentration range shown in Tables 1 and 2 for each drug, with correlation coefficients better than 0.99. The ranges of linearity of the benzodiazepines studied were satisfactory with respect to the therapeutic range for forensic and clinical purposes. Table 1 . Linearity, signal to noise ratio (S/N), relative standard deviation (RSD), limit of detection (LOD), limit of quantitation (LOQ), and solid-phase extraction efficiency in human whole blood. (m-ECD and NPD detectors).
Compound
Tested range (ng mL a r 2 = Square of correlation coefficient with a weighting factor of 1/concentration. Table 2 . Linearity, signal to noise ratio (S/N), relative standard desviation (RSD), limit of detection (LOD), limit of quantitation (LOQ), and solid-phase extraction efficiency in human plasma. (m-ECD and NPD detector).
Tested range (ng mL The signal to noise ratios of m-ECD and NPD detectors are in the ranges of 0.030 -0.468 and 0.05 -0.165, respectively, in human whole blood, and of 0.07 -0.462 and 0.001 -0.161, respectively, in plasma. The limit of detection, defined as the lowest concentration of the analyte that can be clearly detected above the baseline signal, is estimated as three-times the signal-to-noise ratio. The LOD was determined (n = 6) by injection of human whole blood and plasma spiked with benzodiazepines in decreasing concentrations. The LOD was calculated based on the SD of the response and the slope (S) of the calibration curve(s) at levels approximating the LOD according to the formula: LOD = 3.3(SD/S). The SD of the response can be determined based on the SD of the blank, on the residual SD of the regression line, or the SD of the y-intercepts of the regression lines. 22 The values obtained are listed in Tables 1 and 2 .
The limit of quantitation is the lowest concentration that can be measured on the standard curves with acceptable reproducibility. The LOQs determined for the four benzodiazepines tested allowed the measurement of subtherapeutic concentrations of these compounds. The calculation method is again based on the SD of the response and the slope of the calibration curve(s) according to the formula: LOQ = 10(SD/S). Again, the SD of the response can be determined based on the SD of the blank, on the residual SD of the regression line, or the SD of the y-intercepts of the regression lines. 22 This experiment showed that the LOQs achieved with m-ECD detection are lower than those previously obtained with NPD detection in human whole blood and plasma.
The solid-phase extraction efficiency of the benzodiazepines in the 0.5 -100 ng/mL range was more than 88% in human whole blood and plasma as shown in Tables 1 and 2 . The average recoveries were 94.1% for whole blood and 95% for plasma.
The usefulness of this method is shown comparing the literature levels with the LOD obtained in this study. 27, 29, 30 which are used for the determination of low therapeutic doses of benzodiazepines in human whole blood and plasma. According to the LODs from the literature shown in Table 3 , our assay using the described Bond Elut Certify method of choice allows the detection and quantitation of flunitrazepam, nitrazepam, clonazepam, and alprazolam at subtherapeutic and toxic levels. This method is simple, sensitive and may be useful in forensic science practice in cases of drug facilitated crimes, acute poisoning, and traffic accidents. Table 4 shows retention time and the method's precision determined by measuring repeatability (intra-day precision) and reproducibility (inter-day precision) of peak areas for clonazepam and alprazolam, because both drugs are used in high percentages in outpatient treatment in Chile. The intra-day precision of the clonazepam and alprazolam concentrations examined was 1.2% and 1.7% with the m-ECD detector and 2.5% and 4.3% with the NPD detector, respectively. The inter-day precision of the clonazepam and alprazolam concentrations examined was 0.57% and 0.33% with the m-ECD detector and 1.36% and 1.65% with the NPD detector, respectively. Figs. 2 and 3 show the mass chromatograms obtained by dual column gas chromatography using a micro electron capture detector and a nitrogenphosphorus detector, respectively, which had been spiked with human whole blood and plasma samples obtained from the blood bank of the ''Dr. Ernesto Torres Galdames'' Hospital in Iquique, Chile. 
CONCLUSION
We developed a rapid, highly sensitive, selectively and reproducibility method for four low therapeutic dose benzodiazepines, flunitrazepam, nitrazepam, clonazepam and alprazolam, in human whole blood and plasma using dual column gas chromatography with a nitrogen-phosphorus detector and a micro-electron capture detector. This combination of gas chromatography detectors offers several possibilities for routine analyses: for general unknown analyses, suspected pharmacologically active compounds containing nitrogen or phosphorous atoms can be detected with the NPD/mECD and identified by MS. This method will be useful in the analysis of forensic and clinical toxicological cases.
